Few studies covering all patient groups and specialties are available regarding the outcome of nosocomial bloodstream infections (BSI). We analyzed the role of patient characteristics and causative pathogens of nosocomial BSIs reported by the hospitals participating in national surveillance in Finland during 1999-2014, in terms of outcome, with particular interest in those leading to death within 2 days (i.e. early death). National nosocomial BSI surveillance was laboratory-based and hospital-wide. Data on nosocomial BSIs was collected by infection control nurses, and dates of death were obtained from the national population registry with linkage to national identity codes. A total of 17,767 nosocomial BSIs were identified; 557 BSIs (3%) were fatal within 2 days and 1150 (6%) within 1 week. The 1-month case fatality was 14% (2460 BSIs), and 23% of the deaths occurred within 2 days and 47% within 1 week. The patients who died early were older than those who survived > 28 days, and their BSIs were more often related to intensive care. Gram-positive bacteria caused over half of the BSIs of patients who survived, whereas gramnegative bacteria, especially Pseudomonas aeruginosa, caused more often BSIs of patients who died early, and fungi BSIs of patients who died within 1 week. A significant portion of patients with nosocomial BSIs died early, which underlines the importance of rapid recognition of BSI. Hospital-wide surveillance data of causative pathogens can be utilized when composing recommendations for empiric antimicrobial treatment in collaboration with clinicians, as well as when promoting infection prevention.
Introduction
Nosocomial bloodstream infections (BSI) constitute a major part of all BSIs and are related to significant mortality and morbidity. The case fatality of nosocomial BSIs has varied, with reported all-cause 30-day mortality between 24 and 28% [1] [2] [3] and in-hospital case fatality around 30% [4] [5] [6] [7] .
So far, rather limited surveillance data has been available on the outcome and the timing of death of nosocomial BSIs, as previous studies have mostly focused on a specific causative agent of BSI [8] [9] [10] , or the data has been obtained from a single tertiary care hospital [11] or few intensive care units (ICU) [12, 13] , thus representing a selected patient population. A significant proportion of BSI-associated deaths have been previously shown to occur early, within 2 days after the first positive blood culture [14] [15] [16] . The knowledge of the predisposing factors related to these early deaths is scarce, although it is likely that the appropriateness of the empiric antimicrobial treatment plays an important role in early mortality, as the initial blood culture results typically become available not until the second to third day after taking the specimen.
In this study, we analyzed patients' characteristics and causative pathogens of all nosocomial BSIs in the hospitals participating in the Finnish Hospital Infection Program in Finland during 1999-2014 in terms of outcome and timing of death. To our knowledge, similar data on the timing of death has not been presented previously. The objective of our study was to evaluate the role of different factors for mortality of patients with nosocomial BSI and particularly among patients dying early.
Materials and methods

Hospitals
In Finland (population 5.5 million in 2014), the national healthcare system is publicly funded and is organized into 20 geographically and administratively defined healthcare districts (HD), with populations ranging from about 44,000 to 1.6 million. Fifteen HDs have secondary care hospitals and five also provide tertiary care services. Four acute care hospitals from three HDs started in a surveillance project called Finnish Hospital Infection Program (SIRO) in 1999. Participating hospitals increased from the original 4 by 0-2 hospitals per year to 18 in 2014: 4/5 tertiary care hospitals, 9/15 secondary care hospitals, and 5/~30 other acute care hospitals representing altogether 13 HDs. Surveillance was active, prospective, and hospital-wide, covering all patients admitted to departments offering acute care [17] .
Case finding and definitions
The instructions generally advise that blood samples should be obtained for culture if the temperature of a patient is > 38°C and/or in case of other symptoms or signs compatible with BSI (e.g. hypothermia, hypotonia). Local infection control nurses in each hospital reviewed regularly the laboratory database for positive blood culture results. The Centers of Disease Control and Prevention definition for nosocomial BSI was used, and only laboratory-confirmed BSIs were included in the study [18] . All BSIs in neonates were regarded as nosocomial infections.
Primary BSI refers to bacteremia or fungemia for which there was no documented focal source, including those resulting from intravenous or arterial catheter infections. Secondary BSI was defined as an infection that developed as a consequence of a documented infection with the same microorganism at another body site. Polymicrobial BSI refers to infections due to more than one microorganism in blood cultures within a 48-h period. Of the underlying conditions and possible risk factors, delivery, newborn status, hematological/ solid malignancy, organ transplantation, and hemodialysis were recorded, as well as the presence of a central venous line. All patients who entered the operating room were recorded as having had surgery. Only patients who were hospitalized for at least 24 h in ICU before the occurrence of BSI were considered to have been exposed to intensive care. All BSIs that became evident during the intensive care stay or within 48 h after discharge from ICU were considered to be related to intensive care.
Clinical information and microbiological data were recorded by the local infection control nurses on a standardized caserecord form sent monthly to the National Institute for Health and Welfare and entered into a common database.
Outcome
The case fatality at 2, 7, and 28 days after the first positive blood culture of a particular patient was obtained from the national population registry by use of national identity codes. All deaths occurring within the first 2 days after the onset of the infection (i.e. after taking the first positive blood culture, day 0) were referred to as early deaths.
Microbiological resistance
Both antibiotic-resistant and intermediately susceptible organisms were considered to be resistant when resistance percentages were calculated for the microorganisms. Extendedspectrum β-lactamase-producing (ESBL) Escherichia coli and Klebsiella pneumoniae were defined as resistant or intermediately susceptible to third-generation cephalosporins. Multidrug-resistant (MDR) Pseudomonas aeruginosa and Acinetobacter were resistant or intermediately susceptible to c a r b a p e n e m s , a n d c a r b a p e n e m a s e -p r o d u c i n g Enterobacteriaceae (CPE) refers to E. coli, K. pneumoniae, and Enterobacter sp. resistant or intermediately susceptible to carbapenems. 
Analyses and statistics
Results
In the 18 hospitals participating in SIRO, a total of 17,893 nosocomial BSIs were identified during 1999-2014; 126 BSIs (0.7%) were excluded because the patients' reported national identity codes were inadequate, leaving 17,767 nosocomial BSIs among 15,784 patients in the study. The median age of the patients was 60 years (range 0-103); 15% were children < 16 years, and 59% of the patients were males. Of the BSIs, 22% were related to intensive care, and 26% were among patients with a hematological malignancy and 20% among those with a solid malignancy. There were 1471 (8%) BSIs in newborns and 348 (2%) BSIs in patients with admission for obstetric care. Of all BSIs, 27% were secondary, and the urinary tract (35%) and surgical wound (20%) were the most common sources of infection.
Of all BSIs, 57% were caused by gram-positive bacteria, 27% by gram-negative bacteria, 4% by fungi, 2% by anaerobes, and 9% were polymicrobial and 1% was not classified. Coagulase-negative staphylococcus (CNS) was the most common single pathogen (22% of all BSIs), followed by Staphylococcus aureus (15%), E. coli (12%), enterococci (8%), and P. aeruginosa (4%). Altogether, 398 (2.2%) BSIs were caused by MDR microbes. The percentage of BSIs caused by MDR microbes increased from 0.4% in 1999 to 3.4% in 2014; mostly, the increase occurred in ESBL E. coli and K. pneumoniae (from 0 to 11.3%, of all E. coli and K. pneumoniae BSIs).
Of the BSIs, 557 (3% of all BSIs) were fatal within 2 days (i.e. early deaths) and 1150 (6% of all BSIs) within 1 week ( Table 1 ). The 1-month case fatality was 14% (2460 BSIs), and 23% of these deaths occurred within 2 days and 47% within 1 week. The differences in the characteristics of the BSIs according to the timing of death (within 2 days, within 3-7 days, within 8-28 days and alive at day 29) are summarized in Table 1 . The patients who died within 28 days were significantly older than those who survived > 28 days, and the patients with BSIs leading to early death were the oldest. BSIs related to intensive care were significantly more often noted in patients who died within 28 days than in patients who survived > 28 days, with the highest occurrence in patients who died early. Among patients who died within 28 days, significantly more solid malignancies were noted than among patients who survived > 28 days, but no difference was observed in the occurrence of hematological malignancies. Central venous catheters, catheter-associated BSIs, and chronic hemodialysis were most commonly seen in patients who died within 3-7 days. There were more secondary bacteremias in BSIs of patients who died within 2 days than in BSIs of patients who survived > 28 days. Among patients with secondary bacteremias who died within 2 days, the respiratory tract (24%) was the most common source of infection, followed by the gastrointestinal tract (21%) and the urinary tract (21%). BSIs related to preceding hospital stay and outpatient invasive procedure and BSIs related to admission for obstetric care were most commonly observed in patients who survived > 28 days, as well as BSIs in newborns.
Gram-positive bacteria caused 58% and gram-negative 27% of the BSIs of patients who survived > 28 days, whereas among patients who died early, gram-negative bacteria caused 39% of the BSIs and gram-positive 36% ( Table 2 ). The higher occurrence of BSIs caused by gram-positive bacteria among patients who survived > 28 days was mainly due to the higher proportions of CNS (23%) and S. aureus (16%). Of the gramnegative bacteria causing BSIs leading to early death, E. coli (14%) and P. aeruginosa (12%) were the most common pathogens. Anaerobic bacteria were isolated in 4% of the BSIs leading to early death, whereas in 2% of the BSIs in patients who survived > 28 days. BSIs caused by fungi and polymicrobial BSIs were significantly more often identified among patients with BSIs who died within 28 days than in patients who survived > 28 days. Candida albicans was the most common causative fungus species in all BSI groups. The proportions of BSIs caused by MDR microbes in total and by MDR P. aeruginosa were highest in BSIs leading to early death (Table 3) . Instead, the proportions of BSIs caused by methicillin-resistant S. aureus (MRSA) and ESBL E. coli or K. pneumoniae were similar in all outcome groups. Patient characteristics, causative pathogens, and all MDR microbes together listed in Tables 1, 2 , and 3 were included in the model, and the effect of age to the hazard for death was presented by a 10 years increase in age. The hazard ratio associated with intensive care admission was highest 3.6 in BSIs leading to death within 0-2 days and decreased systematically thereafter to 0.85 in BSIs leading to death after 28 days (Fig. 1) . Among the BSIs leading to death after 28 days, the highest hazards for death were noted in BSIs of patients with solid and hematological malignancy and chronic hemodialysis. The highest hazard for death concerning the causative pathogens of BSIs leading to death within 0-2 days was among BSIs caused by P. aeruginosa, whereas in the BSIs leading to death within 3-7 and 8-28 days, the highest were noted among BSIs caused by fungi, enterococci, and polymicrobial BSIs. On the other hand, the hazards for death associated with BSIs caused by MDR pathogens were similar in all outcome groups of BSIs. In the model, the hazard ratios are multiplicative, e.g., for a patient with a BSI related to intensive care and caused by P. aeruginosa, the risk of dying within 2 days was ten times higher compared to a patient with BSI not related to intensive care and not caused by P. aeruginosa (3.6 × 2.7 = 9.72), if their ages were within 10-year interval.
Discussion
In our study based on hospital-wide surveillance data of nearly 18,000 nosocomial BSIs, the 1-month case fatality was 14%, and 23% of the deaths occurred within 2 days (2-day fatality, 3%) and 47% within 1 week (1-week fatality, 7%), after taking the first blood culture specimen. We were able to accurately determine the all-cause mortality within the three time points of patients with malignancies. Patients with nosocomial BSIs who died early were older, and these BSIs were more often related to intensive care. In the present study, the 1-month case fatality (14%) was lower than in recent studies of nosocomial BSIs from North America and Europe (24-28%) [1] [2] [3] . The case fatality of nosocomial BSIs varies quite markedly between studies depending on how it is reported (1-month, in-hospital mortality), and it is also affected by the differences in the study population, for example whether newborns and ICUs are included in the study, and in the resistance profiles of microbes in the setting. In-hospital mortality can be influenced by the length of stay and differences in the healthcare delivery system.
In previous studies of all BSIs, a notable portion of BSIassociated deaths have been shown to occur early, within 2 days after the first positive blood culture. In a prospective survey from Denmark, nearly 5% of patients with BSI died before the notification of positive blood cultures [14] . Also, in a population-based study of BSIs in Finland during 2004-2007, the 30-day case fatality was 13%, and one third of the deaths happened within 2 days after the first blood culture was taken [16] . So far, only limited data has been available on the timing of death of specifically nosocomial BSIs. In the present study, 23% of the deaths occurred early (3% of all BSIs) which is slightly less than in studies including all BSIs. One reason for this may be that treatment delays are more common among patients with community-acquired BSIs, as shown in our previous study of BSIs leading to early death [19] .
The distributions of gram-positive and gram-negative bacteria and the most commonly seen single pathogens of our total study population were similar to those of recent studies of nosocomial BSIs [20] [21] [22] . In our study, some significant differences were observed in the portions of causative pathogens of the BSIs depending on the timing of death of the patients. Gram-negative bacteria, especially P. aeruginosa, more often caused BSIs of patients who died early than BSIs of patients in other outcome groups. BSIs caused by fungi were more common among patients who died within 28 days than among those who survived > 28 days, especially among patients who died within 3-7 days, and the finding was also confirmed by our regression model. In our former study of all BSIs from Finland, the causative pathogens of healthcareassociated BSIs leading to early death were similar: Gramnegative bacteria were most often the causative pathogens (53%) and P. aeruginosa was the single most common causative agent [19] . Moreover, half of the patients with HA-BSIs who died early received inappropriate empiric antimicrobial treatment, and 41% of the inappropriately treated patients had a BSI caused by P. aeruginosa. Other previous reports have also shown that a notable proportion of patients with nosocomial BSIs receive ineffective initial antimicrobial therapy [1, 5, 6] and that inappropriate initial antimicrobial treatment of BSI caused by P. aeruginosa is associated with greater mortality compared to appropriate treatment [23] . Early and effective antimicrobial therapy has been shown to reduce mortality rates in patients with BSIs [24] , which underlines the importance of early recognition of the BSI and its healthcare origin and adjustment of the empiric antimicrobial treatment accordingly. Mortality to BSIs caused by fungi may reflect, besides the severity of underlying conditions, the lack of antifungal therapy or prophylaxis, as shown in a previous Finnish study of candidemias during 2004-2007 [25] .
Interestingly, in our piecewise exponential regression model, the hazard ratios for death associated with BSIs caused by MDR pathogens were on the same level (1.4-1.6) in all outcome groups. However, despite the increasing trend, only a small proportion of all nosocomial BSIs in our study were caused by MDR microbes (2.2%) with the highest proportion (3.8%) in BSIs leading to early death.
Some differences were also observed in the sources of secondary bacteremias of patients with nosocomial BSI depending on the timing of death. The respiratory tract was the most common source of infection among patients with BSIs leading to early death, followed by the gastrointestinal tract and the urinary tract, whereas among all patients regardless of the outcome, the urinary tract and surgical wound were the most common sources of infection of secondary bacteremias. Similar results were obtained in our previous study of all BSIs leading to early death: The respiratory tract was the most common site of infection, followed by the abdomen and the urinary tract [19] . On the other hand, in studies including only nosocomial BSIs, regardless of the outcome, intravascular device and the urinary tract have been the most common sources of infection [1, 26] .
We noted some significant differences in the underlying conditions of the patients with nosocomial BSIs depending on the outcome. Patients with BSIs who died early were older, and these BSIs were more often related to ICU stay. Catheter-associated BSIs and chronic hemodialysis were most often perceived among patients with BSIs leading to death within 3-7 days, whereas solid malignancies in patients with BSIs leading to death within 8-28 days. In our previous population-based study from the Helsinki metropolitan area of all BSIs leading to early death, we observed that the patients who died early were significantly older than the survivors, and that one third of these patients had a rapidly fatal underlying disease or a prior do not resuscitate order (DNR) indicating a poor overall condition, as expected [19] .
We acknowledge that there are some limitations in this study. First, since the study was based on surveillance data, we did not have information on the patients' specific underlying diseases and the severity of their medical conditions, or information on a possible DNR order of the patients, which certainly have influenced the outcome of the patients. Second, we did not have data on whether the antimicrobial therapy was appropriate or not, nor data on delays in the commencement of the treatment. However, as the proportions of BSIs caused by MDR microbes have been low during the study period, these microbes cannot be interpreted as a reason for severe outcome of the patients in terms of inappropriate empiric antimicrobial therapy. Rather, it is probable that the reason for initial ineffective antimicrobial treatment is at least partly due to the intrinsic resistance of the causative pathogens, such as P. aeruginosa and Enterobacter sp. or due to the lack of antifungal treatment. Also, it should be noted that we did not perform subgroup analyses for different Candida sp. concerning the outcome and timing of death. Third, we did not have information on the main cause of death of the patients, but it is likely that among the patients who died early, the BSI was at least a contributing factor.
Our study covered nearly 18,000 nosocomial BSIs during 16 consecutive years in all types of acute care hospitals in different geographical areas of Finland. A notable portion of deaths caused by nosocomial BSIs occurred early, within 2 days. The patients who died early were older than the survivors, and these BSIs were more often caused by gram-negative bacteria, especially P. aeruginosa, and were associated with ICU stay. It is likely that at least some of these early deaths would not have been preventable due to severe underlying condition of the patient. Early identification of BSI and its healthcare origin, as well as prompt initiation of appropriate antimicrobial treatment, are essential in prevention of fatal outcome of BSIs. The BSIs in our study represented the causative pathogens of a particular hospital participating in the surveillance project, thus providing with valuable data when promoting infection prevention and when in collaboration with clinicians composing recommendations for empiric antimicrobial treatment among different patient groups. In order to reduce the risk of nosocomial BSIs during hospital stay, implementation of infection control guidelines is highlighted.
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